In the fabrication of membrane via common phase inversion technique, the morphology and other basic characteristics of the resulted membrane are greatly influenced by the composition of polymer and solvent. The presence of the second chemical in the polymer solution might also change the surface property of the membrane. In this work, PES membrane in flat-sheet form is fabricated by means of NIPS method by blending three kinds of Brij with different molecular weights (Brij 58, 98, and 35) into polymer solution to enhance the hydrophilicity degree of the membrane. The effect of the additive on the hydrophilic property of the membrane is studied through the measurement of surface water contact angle. In addition, the filtration and separation performances of the membranes are examined by determining water flux and rejection in filtration experiment against humic acid. It is concluded that the optimum pure water permeability can be required by using Brij with higher molecular weight and lower the concentration. The addition of additive showed membrane modified with Brij35 has higher hydrophilicity property.
INTRODUCTION
Since its introduction half a century ago, membrane technology has attracted a lot of interest from researchers. Its application in producing water in large quantities is more advantageous compared to conventional processes. 1 This is due to the relatively simple operations with low energy requirements and maintenance costs compared to conventional methods. One of the polymeric materials commonly used as an ultrafiltration membrane is polyethersulfone (PES). This polymer is popular for having superior resistance to chemicals, outstanding stability even at higher operating temperature, and satisfactory mechanical strength, hence widely used in the manufacture of membranes for various applications. 2 However, pure PES membrane has a hydrophobic nature, leading to a weak interaction with water but strong interaction with contaminant molecules, the main drawback in practical application. 3 For this reason, various methods are used to improve membrane performance, among them the improvement of its hydrophilicity through the addition of hydrophilic component. [4] [5] [6] [7] The involvement of hydrophilic additive in membrane modification has been studied by a number of researchers in the past. [8] [9] [10] [11] It is reported to have successfully improved the characteristics of the membrane when it comes to porous properties and surface hydrophilicity, a very advantageous feature in filtration. [12] [13] [14] [15] There are so many hydrophilic materials which may be used as membrane additive, including surfactants such as Tetronic 1307, 16 sodium dodecyl sulfate (SDS), 17 Triton x-100, 18 and Tween 80. 19, 20 Surfactant is the most important material in a detergent group. It is comprised of a hydrophobic part attached to a hydrophilic functional group, and it is divided into: anionic, cationic, non-ionic and zwitterionic. 21 It was earlier established that its addition to the dope solution can improve the porosity of the membrane and increase pure water permeability. 16 Brij is another type of surfactant which may possibly be used as a membrane additive. It has an outstanding performance as a pore-forming and flux promoting agent. It is an amphiphilic non-ionic surfactant possessing both hydrophilic and lipophilic parts with hydrophile-lipophile balance (HLB) value >10. HLB is a parameter which measures the surfactant affinity to water and commonly ranges from 0-20. A material with an HLB number of >10 indicates a higher affinity to water (hydrophilic) while the one with HLB number of <10 has a high affinity for oil (lipophilic). 22 Despite its promising role in improving performance, the use of Brij as an additive in membrane fabrication is understudied. Evidently, it has only been reported in a few membrane modification-related works. For example, Omidvar 23 studied the effects of Brij S100 on the separation ability of PES membrane for removal of amoxicillin in hospital waste. In another study, a similar investigation was carried out, though using Brij58. 24 Both studies showed Brij had positive impacts on the membrane in terms of characteristics and performance. Our previous study researched the effect of Brij58 25 and Brij35 26 on the PES and PVDF membranes for water treatment application. From the foregoing, there are various types of Brij, each denoted by specific numbers representing molecular weights. However, there is no documented study on different types of Brij. Besides, the effects of concentration have not studied deeply. The concentration along with molecular weights of the additive greatly influence the formation of membrane structure and performance since it causes changes in the thermodynamic and kinetic properties. Kim and Lee 27 examined the influences of Polyethylene Glycol (PEG) molecular weights on the formation of PEI asymmetric membranes. from their results, PEG with low molecular weights, such as PEG200 and PEG400, hindered the formation of pores on PEI membranes, and the same results were reported on the PVDF membrane. 28 According to Saljoughi et al., 29 the addition of PEG with a low molecular weight in casting solution during the formation of cellulose acetate membrane may increase the permeability and stability to thermal or chemical of the product. In this reported work, similar work is carried out on PES membrane using Brij with different molecular weights (Brij35, 1199.558 g/mol; Brij98, 1149.56 g/mol; Brij58, 1124 g/mol) and concentrations (1, 3, 5, 7, and 10 wt%). The influences of additive Mws and concentrations were studied on the basis of chemical composition, porosity, hydrophilicity, mechanical strength, and filtration ability.
EXPERIMENTAL Materials
Some of the materials used in preparation of membrane include: Polyethersulfone (PES, type Ultrason E6020P, BASF Co) as a base polymer, solvent used was dimethyl-formamide (DMF, WAKO Pure Chemical Industries, Ltd, Japan), and deionized (DI) water which acquired from Industry Research and Development Agency, and BARISTAND, Banda Aceh was used as a non-solvent. In addition, Brij of different molecular weights: Brij35 (1199.558 g/mol), Brij 98 (1149.56 g/mol), and Brij58 (1124 g/mol) were purchased from BASF Co and used as surfactant additives. Also, Humic Acid (HA, BASF Co) artificial sample as a water contaminant model was prepared at 10 ppm.
Membrane Preparation
The fabrication of membrane was carried out by means of a non-solvent induced phase separation (NIPS) method by dissolving 18 wt% of PES and a certain concentration of Brij in a DMF solvent. These components were mixed to homogeneity at room temperature. The detailed of the composition of each membrane component is given in Table 1 . The procedure was continued with the casting process of the polymer solution on the surface of a glass plate using an applicator with thickness adjusted at 200µm. Phase separation process was completed by dipping the cast plate into a non-solvent bath. 
Membrane Characterization
The membrane chemical composition, hydrophilicity and mechanical test were inspected. The presence of Brij chemical groups in the membrane was examined with Fourier Transform Infrared (FTIR) Spectrophotometer (Shimadzu, Japan). Degree of hydrophilicity of the membrane surface was determined by the water contact angle measurement using a Contact angle meter (Drop Master 300, Kyowa Interface Science Co., Japan). Membrane strength was evaluated using a material testing machine (Autograph, Shimadzu, Japan). The loading velocity of the instrument was controlled at 20 mm/min, measurement repeated three times on each membrane and average data used.
Membrane Filtration Performance
The permeability and solute rejection of prepared membranes were studied by filtration experiment using a dead-end UF cell. The membrane was pressurized at 1 bar for 1 hour filtration of DI water. The generated permeate was weighed and determination of flux of pure water then performed using Equation (1) 30 :
J denotes the water flux (L/m 2 .h), ∆V is the permeate (L) generated during the filtration time (∆t, hour), and A represents the area of the membrane sample in the UF cell (m 2 ). The filtration experiment was also used to evaluate membrane performance on the basis of rejection of humic acid (HA) solution. The concentrations of HA before and after membrane filtration were assayed using UV-VIS Spectrophotometry instrument. With the concentration data, the rejection of HA was calculated using Equation (2) 30 :
Cf is the initial concentration of humic acid, Cp is humic acid concentration after membrane filtration, and R is the rejection percentage of humic acid (%). 
RESULTS AND DISCUSSION
Analysis using FTIR spectroscopy is meant to observe the chemical groups in the material. 31 Figure-1 presents the resulting IR spectra of the pure and Brij-blended PES membranes. The most distinguished structure of PES is denoted by the presence of SO 2 at 3096.11 cm -1 . The existence of Brij in the membrane system is also evaluated by IR analysis in Fig. 1 . In general, modified and original membranes have similar infrared absorption bands as well as the identical basic structure of PES, even after modification with Brij. However, some new infrared absorption bands belonging to specific groups of Brij are observed, for instance, at a wave number range of 2850-3000 cm -1 which specified the CH 3 , CH 2 , and CH aliphatic compounds. In addition, the band at 3600 cm -1 shows the -OH group from Brij. 32 Altogether, these results confirm that Brij has been successfully introduced in the membrane. In terms of concentration, no significant change in IR spectra was observed. 
Surface Hydrophilicity and Porosity
The degree of membrane hydrophilicity was observed through the measurement of surface water contact angle. The water contact angle is a scale of surface wetness of the membrane observed from the interactivity of water droplet when contacted on the membrane surface. A membrane is categorized as hydrophobic when water is dropped on its surface and does not spread or absorbed well. The droplet usually forms a contact angle of either close to or above 90°. In contrast, membranes with a high degree of hydrophilicity have contact angles below 90° since the contacted water droplets are well absorbed by the membrane surface. 33 This means the lower the water contact angle value, the more hydrophilic the membrane. Figure-2 shows changes in the surface contact angle of membranes after modification with Brij35, Brij58, and Brij98. From these results, the addition of Brij as an additive in membrane formation has proven to increase the hydrophilicity degree of the PES-based membrane. From Fig.-2 , the Brij-blended membranes have smaller water contact angles than pristine PES. When compared between three different Mw of Brij, the surface contact angle of Brij35-modified membranes show more pronounced decrease than those modified with Brij58 and Brij 98. This is because Brij-35 is a non-ionic surfactant with an HLB number 16.9. In contrast, the HLB values of Brij-58 and Brij-98 are 16 and 15, respectively. The higher the number, the more hydrophilic the material. The membrane water contact angle is not only affected by the hydrophilic nature of the material but also by the membrane porous properties. 34 From Fig. 3 , M2 membrane has the highest porosity resulting in the lowest water contact angle value. The porosity for the M2 membrane is 46.15% and its water contact angle is 56.6°. The higher porosity of the membrane shows it has more pores on its surface area. A water droplet which plummeted on the membrane with high surface porous is adsorbed faster and easier resulting in the formation of a smaller angle on the membrane surface. 10 This means the water contact angle of the membrane decreases with increasing porosity. From Fig.-3 , the molecular weights and concentrations of Brij remarkably affecting the surface porosity of fabricated membranes. Generally, the Brij-blended membranes have more pores than that of original PES. This is because blending improves the hydrophilicity of the polymer solution by escalating up the precipitation speed of solvent-nonsolvent during the inversion phase process. Moreover, Brij has a great affinity to water causing its particles to have a higher tendency to be attracted on the top layer of the membrane or even being leached out. 22, 35, 36 These phenomena subsequently resulted in a membrane with high surface porosity. The addition of Brij35 produced a membrane with higher average porosity compared to the other two presumably due to its slightly higher hydrophilicity and HLB number. Pure Water Flux (PWF) Some important criteria for determining the performance of membranes include selectivity and pure water permeability. These two strategies related to the amount and size of pores on the upper layer of the membrane. 37 Performance test of the membrane was carried out by calculating the pure water flux (PWF).
The effects of concentration and molecular weight of Brij which blended in the polymer solution on the PWF is given in Fig.-4 . Fig.-4 , it is evident that PWF upsurges by increasing the Mw of Brij. The obtained PWF for the pure membrane is 31.628 L/m 2 .h. With the addition of Brij58 (Mw 1124 g/mol) of 3 wt%, the PWF is generated higher at 95.4716 L/m 2 .h and increased incredibly to 299.289 L/m 2 .h when Brij35 (Mw 1199,558 g/mol) was added with the same concentration. The improved results are attributed to Brij which functions as pore formation agent resulting in increased porosity on the membrane upper surface. The rapid diffusion process between solvents and non-solvents resulted in the increase of polymer fraction at the top layer of the membrane. The formation of the top layer is caused by spinodal demixing from the casting solution. Brij with a lower molecular weight is easily transported by the solvent and hindering the formation of porous structure during the membrane formation. 31, 38 For the varying concentrations, it is observed that, for Brij with higher molecular weight, the concentration required to produce the highest water flux is smaller and may be seen on the membrane with the addition of Brij58 (Mw 1124 g/mol) and Brij98 (Mw 1149.56 g/mol). The highest PWF value was obtained from the addition of Brij at 7 wt%. On the membrane with the addition of Brij35 (Mw 1199,558 g/mol), the highest PWF was found at Brij concentration of 3 wt%. In this study, the optimum concentration of Brij-35, Brij98, and Brij58 was found at 3, 7 and 7 wt. %, respectively. These results are mainly related to the viscosity of the polymer solution. During the membrane formation, the polymerpoor phase forms pores and polymer-rich phase forms the matrix structure of the membrane. In membrane without Brij blending, the polymer-poor phase is lesser in the surface, and therefore product with lower porosity is formed, and subsequently causes a decrease in water flux. Addition of Brij at higher concentration increase the ratio of the poor-polymer phase to the surface layer and thus a membrane with higher pore formation and water flux is formed. This occurs because the deposition process of PES in the sub-layer becomes faster due to the hydrophilicity properties of Brij. 39
Humic Acid Rejection
Membrane performance testing was performed using Humic Acid (HA) as an artificial sample to determine membrane performance in removing natural organic components from water. Natural Organic Matter (NOM) is an organic substance mainly consisting of protein, fat, nutrients and many others. It is one of the most important causes of fouling in membranes applying it for water treatment. 40 Figure-5 shows the effects of Brij molecular weights and concentrations on the solute rejection of PESbased membranes. In general, increasing either Brij molecular weight or concentration bring about the decline in humic acid rejection due to the improved pore properties of the membrane after modification with Brij. As shown earlier in Fig.-4 , the increment of PWF is observed in the membrane which blended with a higher molecular weight of Brij at an identical concentration. The enhanced pore characteristic of the Brij-blended membrane is further confirmed by the decline in HA rejection which is due to the formation of macrovoid in the membrane caused by Brij particles. 
Mechanical Properties
Tensile and elongation at break are the most common parameters used to evaluate the mechanical trait of the membrane. The measurement results of those two parameters for fabricated membranes with and without the addition of Brij of different concentrations and molecular weights are shown in Fig. 6 . Higher Brij concentration results in the reduction of tensile strength. For instance, tensile strength decreases from 8.96 MPa to 5.66 MPa in membrane with the addition of Brij35 at concentration of 3 wt.%. This is because the porosity of the membrane increases with the rising concentration of Brij35. Selection of the right Brij molecular weight reduces the formation of macrovoid and as a result increases the tensile strength of the membrane produced. However, when its molecular weight is too high, the porosity of the membrane increases and thus decreases the tensile strength.
It is correct to conclude that changes in the membrane's mechanical properties are mainly caused by variations in its structure. The variations are brought about by changes in the concentration or molecular weight of the Brij. To achieve a membrane with decent mechanical traits, the concentration and Mw of the Brij must be considered.
CONCLUSION
In this research, the effects of different concentrations of Brij on the performance of the PES-based membrane were studied. The addition of Brij produced a membrane with better permeation performance than original PES due to enhanced hydrophilicity and pore properties. Among the three types of Brij, Brij35 showcased overall excellent performances most probably due to slightly higher particle size and HLB number. The optimum concentration was found different for each molecular weight. The best concentration for Brij35 loading was 3 wt.% and 7 wt.% for both Brij98 and Brij58. This is attributed to the larger molecular weight of Brij35 compared to the other two. Therefore, a lesser concentration is needed to fabricate a membrane with desirable characteristic and performance.
